Cell cycle-dependent regulation of mammalian ribonucleotide reductase. The S phase-correlated increase in subunit M2 is regulated by de novo protein synthesis.
Ribonucleotide reductase in mammalian cells is composed of two nonidentical subunits, proteins M1 and M2. Protein M2 contains a tyrosyl free radical, essential for activity, which can be quantified directly in frozen, packed cells by EPR spectroscopy. A 3-7-fold increase in the concentration of tyrosyl radical-containing M2 subunit was observed when mouse mammary tumor TA 3 cells passed from the G1 to the S phase of the cell cycle. Similar results were obtained with cells synchronized by isoleucine starvation or separated by centrifugal elutriation. Addition of deuterated tyrosine to cells give rise to a different EPR signal in newly synthesized protein M2. Pulse-chase experiments with deuterated tyrosine showed unequivocally that the S phase-correlated increase in radical-containing M2 subunit was due to de novo protein synthesis. Labeled M2 molecules disappeared with a half-life of 3 h, and therefore new molecules must be synthesized at a high rate during the S phase. In contrast, after hydroxyurea inactivation, cells rapidly regenerated the tyrosyl radical in already existing protein M2 molecules. This enzyme activation mechanism is clearly different from the one responsible for regulating protein M2 activity during the cell cycle.